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Abstract
Most state renewables portfolio standard (RPS) policies in the United States have five or more years of implementation experience. Understanding the costs and benefits of these policies is essential for RPS administrators tasked with implementation and for policymakers evaluating changes to existing or development of new RPS policies. This study estimates and summarizes historical RPS costs and benefits, and provides a critical examination of cost and benefit estimation methods used by utilities and regulators. We find that RPS compliance costs constituted less than 2% of average retail rates in most U.S. states over the 2010-2013 period, although substantial variation exists, both from year-to-year and across states. Compared to RPS costs, relatively few states have undertaken detailed estimates of broader societal benefits of RPS programs, and then only for a subset of potential impacts, typically some combination of avoided emissions and human health benefits, economic development impacts, and wholesale electricity market price reductions. Although direct comparison to RPS cost estimates is not possible, the available studies of broader RPS benefits suggest that in many cases these impacts may at least be of the same order of magnitude as costs, highlighting a need for more refined analysis.
Introduction
Renewables portfolio standards (RPS) require electricity providers to obtain specific amounts of renewable energy generation over time and are prevalent within the United States. In total, 29 U.S. states plus Washington DC have adopted some form of mandatory RPS requirement, with most policies enacted during the latter half of the 1990s and 2000s. Roughly 51 GW or twothirds of all non-hydroelectric renewable capacity additions from 1998 through 2013 occurred in states with active or impending RPS targets, suggesting that these policies-alongside other state and federal policies and voluntary renewable energy markets-have played an important role in driving U.S. renewable electricity growth. 1 With the proliferation of RPS programs has come renewed interest in understanding their costs and benefits. In recent years, this interest has frequently manifest within the context of legislative proposals to repeal or roll-back existing RPS programs, often on the basis that the policies impose undue burdens on utility ratepayers [7] . Aside from these politically charged debates, information about RPS costs is often needed as part of routine administrative and reporting functions. In particular, utilities or regulators are often required to estimate RPS compliance costs annually in order to fulfill statutory reporting requirements, to develop surcharges used to recover RPS-related costs, or to ensure that utilities do not exceed statutory cost caps [8] and [9] . Occasionally, states have also undertaken more expansive cost-benefit analyses, either on a prospective basis to inform the development of new RPS policies or, less frequently, on a retrospective basis to evaluate existing programs and inform possible revisions.
Estimating RPS costs and benefits entails a wide variety of methodological issues. In some states, certain aspects of the cost calculation methodology may be specified in statute or in implementing rules issued by the public utility commission (PUC), and a number of states (e.g., New Mexico, Minnesota, Washington) have recently conducted or initiated regulatory proceedings to develop consistent RPS cost calculation methods across utilities. In general, RPS cost estimates developed by utilities and regulators represent a net cost, accounting for avoided costs of displaced conventional generation. RPS programs, however, may also yield other forms of benefits or broader societal impacts, such as avoided air pollutant emissions, human health effects, reduced water consumption, fuel diversity, economic development, and electricity price stability. These broader benefits and impacts typically are not included within routine state or utility analyses, though they may be contained within occasional broader evaluations. This article summarizes state-level RPS costs to date-drawing in part on original analysis and in part on a synthesis of estimates developed by utilities and regulators-and considers how those costs may evolve going forward given scheduled increases in RPS targets and cost containment mechanisms incorporated into existing policies. In doing so, the article seeks to provide a reasonably comprehensive empirical benchmark for gauging the costs of these important policies, and highlights key methodological issues critical to interpreting and refining cost estimates going forward. In addition, the article synthesizes available analyses of broader social benefits or impacts of state RPS programs, including emission and human health impacts, economic development, and wholesale electricity market price suppression-though, for a variety of reasons, the results of those studies are not directly compared to RPS cost estimates.
Methods
This analysis adds to a relatively small, but varied, literature analyzing RPS costs across states.
At the national level, cost impacts of a proposed federal RPS have been studied with the use of modeling tools [10] , [11] and [12] . At the state level, Morey and Kirsch [13] use regression analysis to examine the impact of various policies, including an RPS, on electricity rates, using historical data. Chen et al. [14] examined prospective, rather than retrospective, RPS studies, many of which were funded by nongovernmental organizations and were conducted to inform new RPS policies that were then under consideration.
RPS Costs
We estimate incremental RPS costs-that is, the net cost to the utility or other load-serving entity (LSE) above and beyond what would have been borne absent the RPS-during the period 2010-2013. We describe RPS compliance costs in terms of two metrics, though focus our discussion of results primarily on the second:
• Dollars per megawatt-hour of renewable energy required or procured, representing the average incremental cost of RPS resources relative to conventional generation;
• Percentage of average retail electricity rates, representing the dollar magnitude of incremental RPS costs relative to the total cost of retail electricity service (generation, transmission, and distribution).
In general, our RPS cost-calculation methods depend on the structure of the state's retail electricity market. In particular, for states with competitive retail electricity markets (herein termed "restructured" states), we generally estimate RPS compliance costs based on the cost of renewable energy certificates (RECs) and alternative compliance payments (ACPs). For states with traditional regulated, monopoly retail electricity markets, we instead synthesize RPS compliance cost estimates published by utilities and regulators, and highlight key methodological variations.
Further details on the data sources and methods used to compute incremental RPS costs are provided below, with additional information in Heeter et al. [15] .
States with Restructured Markets
Load serving entities (LSEs) in restructured markets typically meet RPS requirements by purchasing and retiring RECs, which represent the renewable energy attribute-in effect, the renewable energy premium above conventional power. RECs can be, and often are, transacted separately from the underlying electricity commodity. Moreover, because LSEs in restructured markets typically do not have long-term certainty regarding their load obligations, they often purchase RECs primarily through short-term transactions, although longer-term (10-to 20-year) contracting has become more prevalent recently, in order to improve the financeability of renewable generation projects. Most states with restructured markets include an ACP mechanism whereby an LSE may alternatively meet its obligations by paying the program administrator an amount determined by multiplying the LSE's shortfall by a specified ACP price (e.g., $50/MWh).
ACP prices serve, more or less, as a cap on REC prices, because LSEs generally would not pay more than the ACP rate for RECs.
Many RPS policies divide the overall RPS target into multiple resource tiers or classes, each with an associated percentage target. These often consist of some combination of a "main tier" for those resources deemed to be most preferred or most in need of support (e.g., new wind, solar, geothermal, biomass, small hydro), one or more "secondary tiers" (e.g., for existing renewables that predate the RPS, large hydro, municipal solid waste), and a solar or distributed generation (DG) set-aside. REC pricing and ACP rates vary by tier, with the highest prices typically associated with solar/DG set-asides, followed by main tiers, and the lowest REC pricing for secondary tiers. REC pricing also varies by state, depending on many factors (e.g., the stringency of the target, eligibility rules, REC banking provisions, etc.). Pricing may be correlated among states in a region to the extent that renewable generators can sell RECs into multiple states in the region.
With a few exceptions, RPS compliance cost estimates for restructured states have not been developed. We therefore develop estimates of RPS compliance costs for these states, relying primarily on published data for REC and ACP prices and volumes, with slight variations for several states (New York, Illinois, Delaware). 2 For REC prices, we rely on data reported by public utility commissions (PUCs) for the average price of RECs used for compliance in each year, where available. If PUC-reported REC price data are unavailable, we instead rely on REC market bid-offer price sheets prices published by REC brokers, supplemented where possible with REC pricing data for long-term contracts with deliveries during 2010-2013. Data on the volumes of REC retirements and ACPs, along with ACP prices, were generally based on data published in utility or PUC compliance reports or otherwise obtained directly from PUC staff.
We translate REC plus ACP costs into an aggregate $/MWh cost by dividing by the sum total dollar costs of REC purchases and ACPs by the amount of renewable generation required in each year, and we translate REC plus ACP costs into a percentage of average retail electricity rates based on the volume of retail sales by RPS-obligated LSEs and average statewide retail electricity prices published by the U.S. Energy Information Administration [16] .
The method and data sources used to compute RPS compliance costs for restructured states are subject to a number of important limitations that must be weighed when considering the results.
First, by focusing exclusively on the direct costs associated with RECs and ACPs, this approach to estimating RPS compliance costs ignores certain costs, such as those related renewables integration or network transmission upgrades. 3 At the same time, RPS programs may result in additional cost savings for LSEs and ratepayers not captured in the REC and ACP-based approachmost notably, wholesale electricity market price suppression, which is discussed separately in Section 3.2. Second, broker-published REC price indices may be a poor proxy for the average price of all RECs used for compliance; thus, to the extent this source of data was used, some inaccuracy in the derived cost estimate may result. Third and finally, REC prices in a given state and year reflect the balance of supply and demand for RECs -rising to the ACP level if a state or region is undersupplied and falling precipitously if over-supplied. As a result, compliance costs derived from REC prices do not necessarily reflect the incremental cost to the electric system, per se, but rather the incremental cost borne specifically by LSEs. Notwithstanding the aforementioned limitations, we suggest that the compliance costs presented here represent a reasonable first-order estimate of the net cost of RPS policies borne by obligated LSEs in restructured states.
States with Regulated Markets
For traditionally regulated states, we do not develop independent estimates of incremental RPS costs, but rather leverage estimates developed by utilities and regulators in those states, and translate those data into a common set of metrics for comparison. These published cost estimates are typically contained within annual utility compliance filings or annual status reports issued by the state PUC; see Heeter et al. [15] for a list of the specific source documents.
The derivation of RPS compliance costs is considerably more complex in traditionally regulated states than in restructured states. This is because utilities in regulated states typically comply with RPS requirements through long-term power-purchase agreements (PPAs) with renewable electricity generators or by direct ownership of renewable generation, and the directly observable expenses associated with these resources include both the cost of RECs and the cost of the underlying electricity. Determining RPS compliance costs in these cases therefore requires an estimate of the cost of non-renewable generation avoided as a result of the RPS, to then be used as the benchmark for determining the incremental cost of RPS resources.
Not surprisingly, utilities and regulators have relied on widely varying approaches to estimate costs of avoided non-renewable generation, though in general these approaches fall into three general categories: the cost of a generic proxy conventional generator (e.g., a combined-cycle natural gas generator), wholesale electricity market prices, or production cost modeling. Some states may use a hybrid of these approaches, for example, using wholesale electricity market prices for avoided energy costs and the carrying cost of a combustion turbine as a proxy for avoided capacity costs. These varied avoided cost approaches each offer advantages and disadvantages; for example, wholesale market prices may be relatively simple and transparent, but may represent a poor counterfactual for the costs a utility avoids by virtue of procuring renewable electricity to meet its RPS. Conversely, modeling approaches may allow for a more comprehensive and realistic accounting of avoided costs and system-level interactions (including integration costs) but often require large amounts of data and complex models that are not easily vetted by regulatory staff and stakeholders.
Beyond the choice among the basic options identified above, a host of other inter-related methodological issues also vary across individual utilities and can substantially influence the calculated incremental costs, such as:
• Whether RPS compliance costs represent short-or long-term incremental costs, which in turn may influence assumptions about avoided generation capacity costs 
RPS Benefits
The RPS incremental costs we report are net costs accounting for a narrow set of benefits-namely the benefits accruing to the utility in the form of reduced costs for non-renewable generation.
However, policymakers have often pursued RPS policies due also to potential broader societal benefits or impacts [18] and [19] . Although relatively limited in number and scope, a number of states or utilities have conducted analyses of broader societal benefits of their RPS programs. Most are prospective in nature, assessing not only current RPS impacts but also future impacts, and have focused primarily on three types of impacts: avoided emissions and human health benefits, economic development impacts, and wholesale electricity price reductions.
We summarize the results of these benefits studies in Section 3.2, translating the estimated dollar impacts into units of dollars per MWh of renewable electricity generated, for the purpose of comparison. As will be discussed, however, the methods and level of rigor vary substantially, which limits the comparability of benefits across states. Comparison between benefits and costs is also challenging, because of potential double-counting (e.g., where emissions are already priced and therefore captured within incremental compliance costs) and misalignment of timeframes between cost and benefit estimates. In addition, certain quantified impacts-such as economic development and wholesale electricity market price suppression-may, in fact, be more precisely viewed as wealth transfers rather than true societal benefits. For these reasons and others, we stop short of providing a direct comparison between RPS compliance costs and the broader RPS benefits and impacts estimated within the set of studies examined.
Results and Discussion
The following subsections discuss the results of our analysis with regard to RPS costs (Section 3.1) and benefits (Section 3.2).
RPS Costs
Our analysis of RPS compliance costs focuses on the 2010-2013 period, separately describing the costs in restructured and traditionally regulated states. We then illustrate the extent to which scheduled increases in RPS targets may put upward pressure on compliance costs, and highlight other drivers of future RPS costs. Finally, we show how existing RPS cost containment mechanisms may limit cost growth (and achievement of the RPS targets).
States with Restructured Markets
Based on the cost calculation approach described earlier in Section 2.1.1, RPS compliance costs in restructured markets during 2010-2013 ranged from well below $10/MWh of renewable energy generated in some states and years to upwards of $60/MWh in others, in large part reflecting differences in REC and ACP prices across states and years. For example, low main-tier REC prices in Maryland, Pennsylvania, and Texas led to correspondingly low incremental RPS costs in those states (less than $5/MWh). Conversely, relatively high main-tier REC prices among northeastern states, which rose over the period of analysis, led to correspondingly high and increasing RPS incremental costs in those states, rising to $37-$47/MWh in 2013.
Differing mixes of resource tiers within each state's RPS also contributed to variations in compliance costs. In particular, RPS costs were generally low for states with large secondary-tier targets, because REC pricing for those tiers is typically quite low, reflecting a typical surplus of supply for these lower-value resources. In Maine for example, the secondary tier (which consists primarily of existing large hydroelectric generation) constituted roughly 85%-90% of the RPS requirement each year, leading to overall RPS compliance costs of less than $5/MWh. Conversely, RPS compliance costs have tended to be higher in states with relatively high solar set-aside 
States with Regulated Markets
In traditionally regulated markets, compliance costs for general RPS requirements (i.e., excluding any solar or DG set-asides) were generally near or below roughly $20/MWh, ranging from - and Oregon are at the low end, both with negative incremental costs (i.e., net savings). Missouri also had very low costs because its utilities met their obligations largely or entirely with renewable resources procured prior to enactment of the RPS (for which incremental costs were deemed to be zero). In general, the values in Figure 2 The statewide averages presented in Figure 2 mask some variability in RPS costs among utilities in a number of states. In Washington, for example, all three investor-owned utilities and the state's largest municipal utility reported costs in 2012 of around 0.5%-1.4% of retail rates, but many of the smaller publically owned utilities reported higher costs (as high as 8%-9%). Minnesota utilities reported 2010 RPS costs of 0.1%-8.6% of average retail rates (most were around 1%- 2013 . In general, intra-state variability is rooted in many of the same factors that drive differences in RPS costs across states (e.g., the cost and type of renewable energy resources procured, methodological differences, etc.).
Future RPS Costs
Comparing across all states, both restructured and regulated, and excluding any secondary resource tiers, RPS compliance costs ranged from -2.0% to 4.1% of average retail rates in the most recent year for which data were available (Figure 3) . The corresponding RPS targets or procurement levels in those years (the open circles in the figure) ranged widely, from 2%-28% of retail sales, though in most cases fell within the band of 5%-9% of retail sales. Although certainly compliance costs in each state and year are impacted by the prevailing target or procurement level, other conditions also strongly impact RPS costs, including regional REC supply/demand balance, the presence of solar or DG set-asides, and cost-calculation methods. 
Figure 3: Estimated incremental RPS costs compared to recent and future RPS targets
That being said, RPS obligations are scheduled to rise going forward, reaching their peak in most states during 2020-2025, and those rising targets may place upward pressure on future RPS [25] , and -0.5% (a reduction) in North Carolina [26] . The scope, methods, and assumptions vary widely among prospective cost studies, limiting their comparability to one another and to the historical cost data presented earlier. They nevertheless suggest a range of RPS cost changes in response to rising targets.
Cost-Containment Mechanisms
Most RPS policies include one or more cost-containment mechanism, though as discussed in Stockmayer et al. [8] , their efficacy may be imperfect. 
RPS Cost Containment Mechanisms* (Equivalent Maximum Percentage Increase in Average Retail Rates)
Among states relying on ACPs for cost containment (grouped on the left in Figure 4 ), RPS costs are generally capped at 6%-9% of average retail rates. The effective caps are higher in Massachusetts (16%) and New Jersey (13%) owing to relatively high solar set-aside targets and/or ACP levels.
Given that current RPS targets in these states are well below their final-year targets, recent RPS compliance costs are well below the effective cost caps. Rising RPS targets in these states, however, will not only require increasing volumes of REC purchases, but will also tend to put upward pressure on REC prices, which are already trading near their respective ACPs in many Northeastern states. At the same time, ACP rates generally will remain fixed (in real or nominal terms) or, in the case of many states' solar ACPs, will decline over time. This combination of possible upward pressure on REC prices and fixed or declining ACPs could constrain achievement of RPS targets and push total compliance costs toward the maximum levels shown in Figure 4 .
Tempering that trend will be any continued reductions in renewable energy costs and/or increases in wholesale power prices.
Among states with other, non-ACP forms of cost containment (grouped on the left in Figure 4 ), the effective cost caps are relatively restrictive, typically equating to 1%-4% of average retail rates.
Cost caps have already become binding in several of these states (e.g., Illinois, New Mexico, and Missouri [not shown]). Several other states appear to have surpassed their caps, but for various reasons those caps have not yet been binding (e.g., Colorado, Delaware, and Kansas [not shown]).
Other states are approaching their caps (e.g., North Carolina and Ohio). In Oregon, cost caps may become an issue for some utilities, even though historical compliance costs have been low. New York is also likely to hit its cap, although this is by design because the cap is based on a schedule of revenue collections adopted by the PSC and deemed necessary for achievement of the target. In Montana, the cost cap effectively prohibits any net cost from RPS resources. Texas and Michigan are both seemingly at low risk of reaching their cost caps, even though the caps are on par with other states within the group. In Texas, scheduled increases in the RPS target are relatively small, and installed renewable capacity in the state already well exceeds the final-year (2015) target. In Michigan, the cost cap is specified in terms of a maximum customer surcharge, and the state's two large IOUs reduced their surcharges substantially in 2014; both utilities project attainment of their RPS targets without any significant increase in surcharges [27] and [28] .
RPS Benefits
Few studies have quantified the benefits of RPS policies. This section examines three categories of benefits that have been studied: emissions and human health, economic development impacts, and wholesale market price impacts. It is important to consider RPS benefits in conjunction with RPS costs. However, making direct cost-benefit comparisons-and benefit comparisons across statesis difficult because of the wide variety of methods and levels of rigor used for cost and benefit calculations, selective evaluation of only a subset of potential benefits, and possible overlap between costs and benefits (i.e., some benefits might already be included in some cost calculations).
Emissions and Human Health
One of the most often quantified environmental benefits of renewable energy is avoided airpollutant emissions and associated human health benefits. Typically, estimates of avoided emissions focus on CO2, sulfur dioxide (SO2), and nitrogen oxides (NOX). In some cases, the human health benefits of these reduced emissions are estimated by applying monetary values to, for example, the reduced morbidity or mortality from air-quality improvements. In other instances, monetary impacts are estimated based on the avoided cost of compliance with environmental regulations.
There are two common approaches to estimating RPS emissions impacts. The most robust approach is to conduct detailed modeling of the electric system with and without renewable generation to determine the mix of plants that would be operating and the overall system emissions in each scenario. This approach is best because it accounts for hourly operationrenewable facilities may displace different types of conventional generators throughout each day.
A simplified approach is to estimate the marginal generating unit that would typically not be operating because of the renewable generator and apply the unit's emission rate to the displaced generation. This simplified approach yields approximate results. Table 1 summarizes estimates of the emissions and associated monetary benefits from RPS policies for several states where data are available. Of the studies shown in the table, only the Maine study used a simplified emission rate method to estimate avoided emissions. All the others conducted more detailed electric system modeling to understand avoided emissions. Overall, estimates of airquality benefits range from tens to hundreds of millions of dollars annually or about $4-$23/MWh of renewable generation. Some studies present a wide range of estimates depending on assumptions. Often, the value of avoided CO2 emissions drives the estimates, because the magnitude of CO2 reductions is largest. Assumptions about the value of CO2 also influence results
substantially. An interagency assessment of the social cost of carbon found a range of $11-$89/metric ton of CO2 for the year 2010 (in $2007 dollars), depending on the discount rate used [29] . The NYSERDA study used a similar range for valuing avoided CO2 emissions, while most of the other studies used a single estimate for CO2 value, typically at the lower end of (or below) the interagency working group estimates. *Estimated based on 6.9 million MWh of renewable energy needed to meet the 2011 RPS requirements [35] and [36] . 
Economic Development Impacts
Policymakers often seek to achieve economic development goals with RPS policies, and in some states quantification of these impacts is required by law. The impacts include jobs, direct investment from construction and operation of facilities, tax revenues, and indirect and induced economic impacts, which result from the purchase of goods and services. 4 An RPS can also affect economic activity by influencing electricity prices. One key issue is whether the assessment examines gross impacts (e.g., new jobs supported) versus net impacts that consider shifts in employment. Understanding net impacts requires detailed analysis of changes in the operation of other generating units, fuel use, utility revenues, electricity prices, and residential and commercial energy expenditures [37] . Many states focus on impacts within their boundaries, but employment shifts can occur regionally. Furthermore, some assessments focus on only one aspect of the economic impacts.
The methods used for economic assessments have varying degrees of rigor. Simplified methods, which yield estimates of gross impacts, include input-output models or case-study approaches often focused on specific renewable energy facilities. Input-output models (e.g., IMPLAN, RIMS II)-the most common method for gross-impact analysis-calculate direct, indirect, and induced economic impacts by quantifying relationships between economic sectors at a point in time, but they cannot analyze changes in electricity prices. More sophisticated economic-modeling tools can assess net impacts, including econometric models that assess impacts on the economy as well as computable general equilibrium models (CGE models) that examine the flow of goods and services through the economy (see EPA 2011 [18] for detail on methods and models available). 
Wholesale Market Price Impacts
Finally, some studies have attempted to assess reductions in wholesale market prices resulting from additional renewable generation (Table 3 ). Renewable generation can depress wholesale market prices by eliminating more expensive generating sources from the dispatch stack, which reduces the market clearing price paid to all generators. The studies summarized here estimated that each MWh of renewable energy reduces wholesale electricity prices by roughly $1/MWh, which translates into a renewable energy benefit of $2-$50/MWh of renewable generation.
Typically, these wholesale-price estimates were derived through production cost modeling of the electricity system, running scenarios with and without the renewable generation on the system.
The significance of these estimates is limited in a number of ways. First, wholesale-price suppression is a short-term effect that could change with changing market conditions. Second, these estimates focus on energy prices but do not assess capacity-related impacts or the need for new transmission or infrastructure investments that may be required with renewable generation.
And third, although consumers benefit from lower wholesale market prices, the reductions represent transfer payments from generators to consumers, and therefore do not represent a net welfare gain to society. 
Conclusions and Policy Implications
The policy implications of this work are several-fold. First, despite frequent claims that state RPS policies have imposed massive costs on ratepayers, experience to-date suggests that any rate impacts that have thus far occurred are likely quite modest, with compliance costs below 2% of average retail rates in most states. Going forward, RPS targets are scheduled to rise substantially in most states, which may exert upward pressure on compliance costs, though future RPS costs will also be heavily impacted by other market and policy dynamics. Some of those other drivers, such as reductions to federal tax incentives for renewables, may exacerbate upward pressure on RPS costs; whereas other dynamics-such as falling renewable technology costs, rising gas prices, and new federal environmental regulations-may serve to temper cost growth. Regardless of those uncertainties, cost containment mechanisms built into most existing RPS policies will limit cost growth to less than 10% of retail rates in most states, and in many states to less than 5%.
Our analysis also serves to highlight key methodological issues associated with estimating RPS costs, which are likely to become more critical as cost caps increasingly become binding. These methodological issues are perhaps most acute for traditionally regulated states, where RPS compliance is achieved primarily through bundled PPAs or utility-owned renewable generation. In these states, the central methodological issue is the approach used to estimate avoided nonrenewable generation costs. As our comparisons suggest, and as the dueling cost estimates in California directly illustrate, the approach to this issue can substantially drive the ultimate result.
Given the tradeoffs involved, and the widely varying market and regulatory conditions across states, a one-size-fits-all approach to estimating avoided costs is likely inappropriate and impractical. However, utilities and regulators may wish to take a fresh look at current practices, with consideration of methods used elsewhere, with particular attention to the methods used to estimate avoided generation capacity costs. Other key issues to consider include: whether to include costs of renewables procured prior to enactment of the RPS; whether to include costs of renewables procured beyond the minimum level needed to meet the target in a given year; and whether to include indirect expenditures, such as integration, transmission, and administrative costs attributable to the RPS.
For restructured states where compliance is achieved primarily through the purchase and retirement of RECs, perhaps the most fundamental constraint in developing reliable compliance cost estimates is a limited availability of representative REC pricing data, especially in states with growing reliance on longer term contracts. To address this limitation, several PUCs require individual suppliers to annually report the total cost of RECs retired for compliance each year, and broader adoption of this practice would greatly facilitate improved cost estimation. In addition, although rarely considered outside of occasional program evaluations, PUCs in restructured states may also wish to consider other RPS-related cost impacts (both positive and negative) to utilities and ratepayers, beyond the direct cost of RECs and ACPs. On the cost-side of ledger are integrationrelated costs, as well as any "socialized" transmission infrastructure costs directly attributable to new renewable generation. Although previous studies suggest that these costs would generally be small at current renewable energy penetration levels, such costs may become more significant as RPS targets ramp up. On the benefits-side of the ledger are the impacts of low-marginal-cost renewable generation supplies on electricity market prices (the so-called "merit order effect").
Although suppression of electricity market prices is properly construed as a wealth transfer between producers and consumers, rather than net gain in total social welfare and can be temporary, the study results nevertheless suggest that it may offset much of the direct costs of RECs and ACPs borne by LSEs.
Finally, further investigation of the benefits of these policies is important to ongoing policy-making efforts, particularly given that initial motivation for state RPS policies was often rooted in broader societal benefits and impacts. Unfortunately, relatively few states have undertaken analyses of these broader impacts, and where such studies have been conducted they've typically focused only a limited sub-set of potential impacts -most often, those impacts associated with emissions reductions and human health, local economic development, and wholesale electricity market price suppression. Although methodological differences among these studies preclude perfect comparison, the results to-date suggest that these impacts, in many cases, may be of the same order of magnitude as the incremental costs imposed on the electric system. As policy-makers consider changes to existing RPS programs or development of new programs, they may therefore wish to evaluate the broader societal impacts of state RPS programs, beyond simply a narrow consideration of the costs to electric utilities and ratepayers. Such efforts may be facilitated through the development of best practices or standardized methodologies and tools for estimating RPS program benefits.
